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ABSTRACT
Many members of the Saprolegniales (Oomycete) cause mycoses and disorders of fishes, of
which Achlya and Saprolegnia are most ubiquitous genera worldwide. During a survey of the
diversity of freshwater oomycetes in Korea, we collected seven isolates of Achlya, for which
morphological and molecular phylogenetic analyses enabled them to identify as Achlya
americana and Achlya bisexualis. In Korea, only a species of Achlya, A. prolifera, has been pre-
viously found to cause seedling rot on rice (Oryza sativa), but none of the two species have
been reported yet. Importantly, A. bisexualis was isolated from a live fish, namely rice fish
(Oryzias sinensis), as well as freshwater, and this is the first report of Achlya-causing mycoses
on freshwater fishes in Korea. The presence of A. americana and A. bisexualis on live fish in
Korea should be closely monitored, as considering the well-known broad infectivity of these
species it has the potential to cause an important emerging disease on aquacul-
ture industry.
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1. Introduction

The kingdom Straminipila is a remarkably diverse
group that includes oomycetes, brown algae, and
planktonic diatoms. The oomycetes have previously
been classified under the kingdom Fungi, with
which they share several convergent traits, such as
osmotrophic nutrition and mycelial growth [1], thus
often called “fungus-like organism” or “pseudo-
fungi.” These organisms have evolved both patho-
genic and saprophytic lifestyles. The largest subclass
Peronosporomycetidae is mostly parasitic on plants
[2], the vast majority of which was found on the
order Peronosporales (includes Peronospora,
Phytophthora, and Pythium), which occur important
diseases on crops, ornamental plants, and forest
trees [3]. The second subclass Saprolegniomycetidae
more depends on water, thus often called “water
moulds.” The largest order Saprolegniales, in
particular members of Achlya (Achlyaceae),
Aphanomyces (Verrucalvaceae), and Saprolegnia
(Saprolegniaceae), are responsible for significant
infections on fishes in nature and aquaculture,
although many members still behave as saprophytes
on plants and animal debris.

The family Achlyaceae has been introduced for
accommodating Achlya s. str., Brevilegnia,
Dictyuchus, and Thraustotheca [4], all of which are

characterized by the presence of three different types
of zoospore discharge, namely achlyoid, dictyucoid,
and thraustothecoid, at asexual reproduction, but
also at sexual reproduction, by one to more
oospores per oogonium that are predominantly [4].
Before the replacement to this family, the genus
Achlya was classified under the family
Saprolegniaceae [5,6]. In members of this genus, pri-
mary aplanospores are discharged from sporangium,
and before swimming away, stay near the exit of the
sporangium until a ball of spores is formed [4,7].
Molecular phylogenetic studies have shown that
Achlya s. lat. is polyphyletic [8–10], and for a group
of Achlya species with subcentric oospores, a new
genus Newbya has been described by Spencer et al.
[10]. As a result, Rocha et al. [7] have transferred
Achlya androgyna to Newbya. To date, approxi-
mately 80 species have been accepted in the genus
Achlya (www.indexfungorum.org; [7]). About 20
species of Achlya have previously been reported to
infect live fishes in many countries [11,12]. Thus
far, in Korea, there was no report of mycoses caused
by Achlya species on live fishes, although only a
species of Achlya, A. prolifera, has previously been
found to cause seedling rot on rice (Oryza sat-
iva) [13].

Recent phylogenetic studies have largely been
biased to the economically relevant plant pathogens

CONTACT Hyang Burm Lee hblee@jnu.ac.kr
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of the Korean Society of Mycology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

MYCOBIOLOGY
2019, VOL. 47, NO. 2, 135–142
https://doi.org/10.1080/12298093.2018.1551855

http://www.indexfungorum.org
http://crossmark.crossref.org/dialog/?doi=10.1080/12298093.2018.1551855&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org./10.1080/12298093.2018.1551855
http://www.mycology.or.kr/
http://www.tandfonline.com


of oomycetes, mostly of Peronosporales [3,14,15],
while the diversity of freshwater or marine oomy-
cetes has been largely underestimated [16,17]. To
survey the diversity of freshwater oomycetes in
Korea, we collected numerous isolates from diverse
freshwater environments, such as water, fishes,
aquatic plants, etc. In total seven Achlya isolates
were obtained, one which was obtained from a rice
fish (Oryzias sinensis) with unusual behavior at the
narrow lake. While it lives, the rice fish swam slowly
and often upside down, and after a few minutes
died, although there was no clear mycoses symptom
on the surface of the rice fish. It is the aim of this
study to clarify the identity of the so far unknown
Achlya species in Korea, based on morphological
and molecular analyses.

2. Materials and methods

2.1. Oomycete isolates

Freshwater oomycetes were collected from a living rice
fish (O. sinensis) at a narrow lake in Wanju, but also
from freshwater at Yeongsan River in Gwangju, Korea.
The samples were collected into a 15ml conical tube,
and during moving to laboratory kept in icebox. To
isolate the oomycete strains from a fish, we washed it
with distilled water three times, placed on potato dex-
trose agar plates, and incubated at 20 �C for 2 d. For
freshwater, we used a simple plating technique
whereby it is distributed throughout a thin layer of the
water agar plate. Hyphal tips were isolated under a
microscope and transferred onto a new PDA plate. For
observations of cultural and morphological character-
istics, seven isolates with Achlya-like morphology were
selected and incubated on PDA at 25 �C for 3 d. Two

representative isolates, W351 and CNUFC-CPWB8-1
have been deposited at the Culture Collection of the
Nakdonggang National Institute of Biological
Resources (NNIBR, Sangju, Korea) with accession
numbers of AQPXFG0000000024 and NNIBRF
G9371, respectively. Information on all isolates used in
this study was shown in Table 1.

2.2. Morphological analysis

Morphological investigation and photographing
were done using a model BX53F microscope
(Olympus, Tokyo, Japan) equipped with a
DigiRetina 16M digital camera (Tucsen, Fuzhou,
China). Measurements were performed at 100� or
200� for hyphae and gemmae, 400� for sporangia,
and 1000� for zoospores.

2.3. Molecular phylogenetic analysis

Genomic DNA was extracted from mycelia, which
were harvested by forceps, using the DNeasy Plant
Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions. The complete ITS
rDNA region was amplified by PCR using an oomy-
cete-specific primer set, primers ITS1-O [18] and
LR-0 (reverse complementary to LR-0R [19]). For a
few isolates indistinguishable on the ITS sequences,
the partial cox2 and cox1 genes were additionally
amplified as described previously [20]. Amplicons
were sequenced by Macrogen Inc., Seoul, Korea.
Available for Achlya species, all sequences of ITS
rDNA were retrieved from GenBank, and in add-
ition, a sequence of Aphanomyces stellatus
(KP006462) was downloaded and used as outgroup.
Alignments were performed using MAFFT version 7

Table 1. Information of Achlya isolates used in this study.
Achlya species Culture no. Substrate Geographic origin ITS/cox2/cox1

A. americana CNUFC-CPWB8-1 Fresh water Yongbong-ro, Buk-gu,
Gwangju, Korea
(35�10020.4500N
126�53057.0600E)

MF996495/
MH673798/MH673797

A. americana CNUFC-CPWB8-2 Fresh water Yongbong-ro, Buk-gu,
Gwangju, Korea
(35�10020.4500N
126�53057.0600E)

MF996496/–/–

A. bisexualis CNUFC-CPWB4-1 Fresh water Yongbong-ro, Buk-gu,
Gwangju, Korea
(35�10020.4500N
126�53057.0600E)

MF996493/
MH673800/MH673799

A. bisexualis CNUFC-CPWB4-2 Fresh water Yongbong-ro, Buk-gu,
Gwangju, Korea
(35�10020.4500N
126�53057.0600E)

MF996494/–/–

A. bisexualis W351 (AQPXFG0000000024) Rice fish (Oryzias sinensis) Gui-myeon, Wanju-gun,
Jeollabuk-do, Korea
(35�3802000N 127�0601200E)

MH667998/–/–

A. bisexualis W352 Rice fish (Oryzias sinensis) Gui-myeon, Wanju-gun,
Jeollabuk-do, Korea
(35�3802000N 127�0601200E)

MH667999/–/–

A. bisexualis W413 Fresh water Geumsan-myeon, Gimje-si,
Jeollabuk-do, Korea
(35�4300700N 127�0104700E)

MH668000/–/–
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[21], employing the Q-INS-i algorithm [22].
Phylogenetic inference was done in MEGA version
6.0 [23] for Minimum Evolution Inference, using
the Tamura-Nei substitution model and performing
1000 bootstrap replicates. All other parameters were
set to default values. For Maximum Likelihood
(ML) analyses, 1000 rounds of random addition of
sequences as well as 1000 fast bootstrap replicates
were performed using RAxML version 7.0.3 [24] as
implemented in raxmlGUI version 1.3 [25] using
the GTRCAT variant.

3. Results

3.1. Phylogeny

The ITS rDNA sequences were used to infer the
phylogenetic relationship of Achlya species, includ-
ing seven Korean isolates and previously published
authentic isolates. In the ITS tree (Figure 1), the
Korean accessions were divided into two distant
clades. Two isolates, CNUFC-CPWB8-1 and
CNUFC-CPWB8-2, clustered within a complex
group, containing five different species of Achlya, A.
americana, A. aquatica, A. dubia, A. glomerata, and
A. piralis (in yellow box), with maximum support in
both ME and ML analyses. To further resolve this
group at the species level, two mitochondrial
markers, cox2 and cox1, were additionally
sequenced. In the cox tree (in green box), the isolate
CNUFC-CPWB8-1 is closest to A. americana, with
only a nucleotide substitution. The grouping was
supported by moderate BS values of 75% in ME and
80% in ML analyses. Other five Korean isolates (in
blue box) were identical to the reference sequences
of Achlya bisexualis available in GenBank, and thus
clustered within a clade representing A. bisexualis,
with moderate supporting values of 79 and 84% in
the two analyses. The clade further grouped with
Achlya oblongata (ME BS of 99% and ML BS of
88%), but was distantly related to Achlya ambisexua-
lis and Achlya heterosexualis, which were morpho-
logically similar to A. bisexualis.

3.2. Taxonomic description

Achlya americana Humphrey, Transactions of the
American Philosophical Society 17: 116 (1892)
[MB#205422] (Figure 2).

Mycelium limited or extensive, diffuse or dense.
Hyphae stout, sometimes stiff, branched. Gemmae
abundant or sparse, cylindrical, fusiform, or irregu-
lar; usually terminal and single, occasionally inter-
calary and catenulate; discharging zoospores or
germinating by a hypha in filiform gemmae.
Sporangia fusiform, cylindrical or clavate, sympo-
dially branched, 130–700 mm long, 20–50 mm wide.

Zoospores monomorphic, discharge through an
apical pore, and behavior achlyoid, zoospore cluster
persisting or falling away in part from exit orifice,
sometimes they germinate while still in the sporan-
gium; primary spore cysts 10–11 mm in diameter.
Oogonia lateral, occasionally terminal, rarely inter-
calary; spherical or obpyriform, occasionally oval,
rarely dolioform (25–)50–80(–140) mm in diameter.
Oogonial stalks stout, straight, slightly curved, or
irregular; unbranched. Oospores eccentric, spherical,
20–30 mm in diameter, and produced in the number
of 2–15(–35) per an oogonium.

Note: Achlya americana is a widespread species
in temperate regions. Within members of Achlya, A.
americana is quite easily recognizable by several
prominent characteristics of the sexual structures.
The oogonia were eccentric, short-stalled, and con-
tained 5–15 oospores, but the oospores exhibited
smooth surface, with conspicuous pits. All morpho-
logical characteristics are well consistent with the
previous descriptions of this species [26,27].

Achlya bisexualis Coker & Couch, Journal of the
Elisha Mitchell Scientific Society 42: 207 (1927)
[MB#258533] (Figure 3).

Mycelium of oogonial thallus limited or exten-
sive, often dense near substratum. Hyphae slender,
branched, 10–15 mm wide. Gemmae abundant
(35–)50–70(–100) mm wide (35–)60–100(–150) mm
long, various in shape; spherical, pyriform, flask-
shaped, subspherical, obovate, obpyriform, short-
cylindrical, but also rarely filiform, with thin or
thick wall; terminal or intercalary, single or catenu-
late; discharging zoospores or germinating by a
hypha in filiform gemmae; capable as oogonia in
spherical gemmae. Sporangia fusiform or filiform,
infrequently cylindrical, sympodially branched or
basipetalous succession, 150–400 mm long,
25–35 mm wide. Zoospores monomorphic, discharge
through an apical pore, and behavior achlyoid, zoo-
spore cluster persisting or falling away in part from
exit orifice; primary spore cysts 9.0–11.5 mm in
diameter. Oogonia lateral, occasionally terminal,
rarely intercalary; spherical or obpyriform, occasion-
ally oval, rarely dolioform (35–)60–80(–120) mm in
diameter. Oogonial stalks stout, straight, slightly
curved, or irregular; occasionally once-branched;
slightly flared distally on some oogonia. Oospores
not seen.

Note: All morphological characteristics are well
in agreement with the descriptions of A. bisexualis
[28,29]. In the present samples, non-maturing
oospores were found, although there were abundant
gemmae and oogonia, suggesting that this is a heter-
othallic species that it was known to form the
oospheres infrequently to rarely maturing. This dis-
tinct character enables A. bisexualis to differentiate
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from two morphologically close species, A. ambisex-
ualis and A. heterosexualis, with the oospheres pre-
dominantly maturing. The spherical or pyriform
gemmae in oogonial mycelia are another key charac-
ter unique for A. bisexualis, different from all other
species of Achlya, as well A. ambisexualis and A.
heterosexualis, with mostly slender or clavate gem-
mae, as mentioned by Barksdale [29].

4. Discussion

Aquatic oomycete infections of fish are widespread
in freshwater and represent the most important dis-
ease occurring on wild and cultured fishes. Several
members of the genus Achlya are responsible for
significant infections, particularly in aquaculture
facilities, out of which A. americana and A.

Figure 1. Minimum evolution trees of Achlya species based on the ITS rDNA sequences. ME tree in a green box was inferred
using the partial cox2 and cox1 mtDNA sequences of taxa in a yellow box. Supporting values (ME/ML bootstrapping) higher
than 60% are given above/below the branches. The scale bar equals the number of nucleotide substitutions per site.
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bisexualis are of notorious pathogens. There have
been previous reports that A. americana [30–35]
and A. bisexualis [31,36–40] infect live fishes or
their eggs, sometimes with a high level of pathogen-
icity [41]. A. americana and A. bisexualis are ubiqui-
tous worldwide [11,12], but to date, there was no
report of these two species in Korea. Considering
that in other countries outbreaks of Achlya infec-
tions continue to cause a big problem in cultured
fishes and fish eggs, their presences in Korea also
have the potential to cause an important emerging
disease on aquaculture industry. Thus, these species
should be closely monitored.

Importantly, some species of Achlya have
received considerable interest as steroid producers
[42–44]. Both A. americana and A. bisexualis have

been reported to produce useful steroid hormone
that serve to induce the differentiation of sex organs
and to coordinate the processes leading to fertiliza-
tion [44–46]. The two species also produce enzymes
with excellent degradative activities against 1,3-beta-
glucan, pectin, cellulose, hemicellulose, and lignin
[47,48]. Especially in A.bisexualis, 1,3-beta-glucan is
used as a major cytoplasmic reserve material [49],
and thus when a carbon source, such as glucose, is
no longer available, as the activity of 1,3-beta-gluco-
sidase increases, the glucan decreases signifi-
cantly [47].

Increasingly becoming intensified, poor water
quality, stress of climate changes, and injuries asso-
ciated with handling and grading are frequently
associated with fungal outbreaks in both natural and

Figure 2. Cultural and morphological characteristics of Achlya americana CNUFC-CPWB8-1 isolated from freshwater. (A)
Growth on PDA at 25 �C for 3 d; (B) Sporangia and gemmae; (C–F) Oogonia and oospores. Scale bar¼ 100 mm for B, 50 mm
for C–F.
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cultured fishes. Many control treatments have been
conducted, none of which is considered as effective
as chemical compounds, e.g., malachite green.
Unfortunately, however, its use has been prohibited
by the potential teratogenic or mutagenic properties
of malachite green [50] in most countries, including
Korea. Considering the lack of the efficient control
treatments, thus, the rapid and precise identification
tool is an essential prerequisite for preventing or
limiting oomycete outbreaks, but morphology-based
identification is often difficult or insufficient to dis-
criminate between closely related species, and the
sexual organs useful for species identification are
rarely formed, as in A. bisexualis. In line with the
result of Leclerc et al. [9] that molecular-based

phylogenetic analysis is useful for Achlya taxonomy,
in this study the ITS sequences were able to distin-
guish most Achlya species, but also insufficient to
delineate between closely related species, e.g., A.
americana and allied species. As a result, in addition
to the ITS rDNA [51], other gene markers with a
high-resolution power, e.g., cox2 mtDNA [20], are
essential to identify Achlya isolates at species level
and for digging in earnest on the aquatic oomy-
cete diversity.

Disclosure statement
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Figure 3. Cultural and morphological characteristics of Achlya bisexualis isolated from rice fish (Oryza sativa) in freshwater. (A)
Growth on PDA at 25 �C for 3 d; (B) Sporangia; (C–F) various shapes of gemmae. Scale bar¼ 100 mm for B, 40 mm for B–F.

140 Y. J. CHOI ET AL.



Funding

This work was in part supported by the Graduate
Program for the Undiscovered Taxa of Korea, and in part
by the Project on Survey and Discovery of Indigenous
Fungal Species of Korea funded by NIBR and Project on
Discovery of Fungi from Freshwater and Collection of
Fungarium funded by NNIBR of the Ministry of
Environment (MOE), Republic of Korea.

References

[1] Beakes GW, Thines M, Honda D. Straminipile
“fungi” – taxonomy. eLS. Hoboken (NJ): John
Wiley & Sons Ltd; 2015.

[2] Thines M, Kamoun S. Oomycete-plant coevolu-
tion: recent advances and future prospects. Curr
Opin Plant Biol. 2010;13:427–433.

[3] Thines M, Choi YJ. Evolution, diversity, and tax-
onomy of the Peronosporaceae, with focus on the
genus Peronospora. Phytopathology. 2016;106:6–18.

[4] Beakes GW, Honda D, Thines M. Systematics of the
Straminipila: labyrinthulomycota, Hyphochytriomycota,
and oomycota. In: McLaughlin DJ, Spatafora J, editors.
Systematics and evolution. New York (NY): Springer;
2014. p. 39–97.

[5] Sparrow FK. The present status of classification in
biflagellate fungi. In: Gareth-Jones EB, editor.
Recent advances in aquatic mycology. London:
Elek Science; 1976. p. 213–222.

[6] Sparrow Jr K. Aquatic phycomycetes. 2 ed. Arbor
(MI): University of Michigan Press; 1960.

[7] Rocha SCO, Lopez-Lastra CC, Marano AV, et al.
New phylogenetic insights into Saprolegniales
(oomycota, Straminipila) based upon studies of
specimens isolated from Brazil and Argentina.
Mycol Prog. 2018;17:691–700.

[8] Riethm€uller A, Weiß M, Oberwinkler F.
Phylogenetic studies of Saprolegniomycetidae and
related groups based on nuclear large subunit ribo-
somal DNA sequences. Can J Bot. 1999;77:
1790–1800.

[9] Leclerc MC, Guillot J, Deville M. Taxonomic and
phylogenetic analysis of Saprolegniaceae
(Oomycetes) inferred from LSU rDNA and ITS
sequence comparisons. Antonie Leeuwenhoek.
2000;77:369–377.

[10] Spencer MA, Vick MC, Dick MW. Revision of
Aplanopsis, Pythiopsis, and ‘subcentric’ Achlya spe-
cies (Saprolegniaceae) using 18S rDNA and mor-
phological data. Mycol Res. 2002;106:549–560.

[11] Woo PT, Leatherland JF, Bruno DW. Fish diseases
and disorders. Vol. 3. Wallingford (CT): CABI;
2011.

[12] Neish GA, Hughes GC. Fungal diseases of fishes:
book 6. In: Snieszko SF, Axelrod HR, editors.
Neptune City (NJ): TFH Publications Inc.; 1980.

[13] Cho W-D, Shin HD. List of plant diseases in
Korea. 4th ed. Suwon: Korean Society of Plant
Pathology; 2004.

[14] Choi YJ, Thines M. Host jumps and radiation, not
co-divergence drives diversification of obligate
pathogens. A case study in downy mildews and
Asteraceae. PLOS One. 2015; 10:e0133655.

[15] Choi YJ, Klosterman SJ, Kummer V, et al. Multi-
locus tree and species tree approaches toward

resolving a complex clade of downy mildews
(Straminipila, oomycota), including pathogens of
beet and spinach. Mol Phylogenet Evol. 2015;86:
24–34.

[16] Hulvey J, Telle S, Nigrelli L, et al. Salisapiliaceae –
a new family of oomycetes from marsh grass litter
of southeastern North America. Persoonia. 2010;
25:109–116.

[17] Nigrelli L, Thines M. Tropical oomycetes in the
German bight – climate warming or overlooked
diversity? Fungal Ecol. 2013;6:152–160.

[18] Bachofer M. Molekularbiologische populationsstu-
dien an Plasmopara halstedii, dem falschen mehl-
tau der sonnenblume. Stuttgart: University of
Hohenheim; 2004.

[19] Moncalvo JM, Wang HH, Hseu RS. Phylogenetic
relationships in Ganoderma inferred from the
internal transcribed spacers and 25s ribosomal
DNA sequences. Mycologia. 1995;87:223–238.

[20] Choi YJ, Beakes G, Glockling S, et al. Towards a
universal barcode of oomycetes – a comparison of
the cox1 and cox2 loci. Mol Ecol Resour. 2015;15:
1275–1288.

[21] Katoh K, Standley DM. MAFFT Multiple sequence
alignment software version 7: improvements in
performance and usability. Mol Biol Evol. 2013;30:
772–780.

[22] Katoh K, Toh H. Improved accuracy of multiple
ncRNA alignment by incorporating structural
information into a MAFFT-based framework.
BMC Bioinformatics. 2008;9:212.

[23] Tamura K, Stecher G, Peterson D, et al. MEGA6:
molecular evolutionary genetics analysis version
6.0. Mol Biol Evol. 2013;30:2725–2729.

[24] Stamatakis A. RAxML-VI-HPC: maximum likeli-
hood-based phylogenetic analyses with thousands
of taxa and mixed models. Bioinformatics. 2006;
22:2688–2690.

[25] Silvestro D, Michalak I. raxmlGUI: a graphical
front-end for RAxML. Org Divers Evol. 2012;12:
335–337.

[26] Johnson TW. The genus Achlya: morphology and
taxonomy. Arbor (MI): The University Press;
London: Oxford University Press; 1956.

[27] Johnson T, Jr, Seymour R. Aquatic fungi of
Iceland: Achlya americana. Am J Bot. 1974;61:
244–252.

[28] Coker WC. Other water molds from the soil. J
Elisha Mitchell Sci Soc. 1927;42:207–226.

[29] Barksdale AW. Concerning the species, Achlya
bisexualis. Mycologia. 1962;54:704–712.

[30] Khulbe R, Sati S. Studies on parasitic watermolds
of Kumaun Himalaya; host range of Achlya ameri-
cana Humphrey, on certain temperate fish.
Mycoses. 2009;24:177–180.

[31] Scott WW, O’Bier AH. Aquatic fungi associated
with diseased fish and fish eggs. Prog Fish-Cult.
1962;24:3–15.

[32] Srivastava RC. Fungal parasites of certain fresh
water fishes of India. Aquaculture. 1980;21:
387–392.

[33] Czeczuga B, Kiziewicz B, Godlewska A. Zoosporic
fungi growing on eggs of Coregonus lavaretus hol-
satus Thienemann, 1916 from Lake Wdzydze in
Kaszuby. Pol J Environ Stud. 2004;13:355–359.

MYCOBIOLOGY 141



[34] Mastan S. Fungal infection in freshwater fishes of
Andhra Pradesh, India. Afr J Biotechnol. 2015;14:
530–534.

[35] Sati SC. Aquatic fungi parasitic on temperate fishes
of Kumaun Himalaya, India. Mycoses. 1991;34:
437–441.

[36] Vishniac H, Nigrelli R. The ability of the
Saprolegniaceae to parasitize platyfish. Zoologica.
1957;42:131–134.

[37] O’Bier AH. A study of the aquatic Phycomycetes
associated with diseased fish and fish eggs.
Blacksburg (VA): Virginia Polytechnic Institute;
1960.

[38] Lartseva LV, Dudka IA. Dependence of the devel-
opment of Saprolegniaceae on the reproductive
quality of the eggs of the sturgeon and white sal-
mon. Mikol Fitopatol. 1990;24:112–116.

[39] Panchai K, Hanjavanit C, Kitacharoen N.
Characteristics of Achlya bisexualis isolated from
eggs of Nile tilapia (Oreochromis niloticus). KKU
Res J. 2007;12:195–202.

[40] Panchai K, Hanjavanit C, Rujinanont N, et al.
Freshwater oomycete isolated from net cage cul-
tures of Oreochromis niloticus with water mold
infection in the Nam Phong river, Khon Kaen
province Thailand. AACL Bioflux. 2014;7:529–542.

[41] Sosa ER, Landsberg JH, Kiryu Y, et al.
Pathogenicity studies with the fungi Aphanomyces
invadans, Achlya bisexualis, and Phialemonium
dimorphosporum: induction of skin ulcers in

striped mullet. J Aquat Anim Health. 2007;19:
41–48.

[42] Raper JR. Sexual hormones in Achlya. Am Sci.
1951;39:110–130.

[43] Barksdale AW. Sexual hormones of Achlya and
other fungi. Science. 1969;166:831–837.

[44] McMorris TC. Sex hormones of the aquatic
fungusAchlya. Lipids. 1978;13:716–722.

[45] McMorris TC, Barksdale AW. Isolation of a sex
hormone from the water mould Achlya bisexualis.
Nature. 1967;215:320–321.

[46] Thomas D, McMorris TC. Allomonal functions of
steroid hormone, antheridiol, in water mold
Achlya. J Chem Ecol. 1987;13:1131–1137.

[47] Du X, Mullins JT. Glucan 1, 3-b-Glucosidase activ-
ities of Achlya bisexualis: synthesis and properties.
Mycologia. 1999;91:353–358.

[48] Steciow M. Actividad enzim�atica de algunas
Saprolegniales (oomycetes). Bol Micol. 1993;8:
85–89.

[49] Lee J, Mullins JT. Cytoplasmic water-soluble b-glu-
cans in Achlya: response to nutrient limitation.
Mycologia. 1994;86:235–241.

[50] Srivastava S, Sinha R, Roy D. Toxicological effects
of malachite green. Aquat Toxicol. 2004;66:
319–329.

[51] Robideau GP, de Cock AW, Coffey MD, et al.
DNA barcoding of oomycetes with cytochrome c
oxidase subunit I and internal transcribed spacer.
Mol Ecol Resour. 2011;11:1002–1011.

142 Y. J. CHOI ET AL.


	Abstract
	Introduction
	Materials and methods
	Oomycete isolates
	Morphological analysis
	Molecular phylogenetic analysis

	Results
	Phylogeny
	Taxonomic description

	Discussion
	Disclosure statement
	References


